The action o f diazom ethane on 3 ,4-dioxodiisophoranes yields 3-oxodiisophorane-4-spiro-2'-(oxiranes). T heir reactions, spectral pro p erties an d frag m en tatio n p attern s un d er electron im pact, and those o f co m p o u n d s derived from them , co n fo rm to their p roposed structures.
Introduction
Ketones react with diazomethane in a variety of ways [2] resulting in epoxidation, enol-methylation, ring-enlargement, or the production o f fused dioxolane-rings. This report describes the ready formation by this reaction of spiro-oxiranes from a,/?-diketones of the tricyclo[7.3.1.02-7]tridecane ring system.
Diisophorane-1-carboxylic acids, readily acces sible by K och-H aaf carboxylation of the corre sponding 1-halogeno-or 1-hydroxy-com pounds [3] [4] [5] , are converted by diazomethane into their methyl esters (e.g. 1 -> 2) [4] [5] [6] .
Applied to the 3,4-diketo-l-carboxylic acid (3), the reaction continued beyond this stage, with a total uptake of 2 moles o f diazomethane and for m ation of a spiro-oxirane moiety at C-4. The alternative isomeric 3-spiro-oxirane struc ture 5 a is excluded by the UV spectral data: the position of the absorption maximum (255 nm) ap proaches the value predicted by the Fieser-Woodward rules [10, 11] for 2(7)-en-3-ones (245-249 nm), but is modified by a slight bathochrom ic displacement (to 251-254 nm) also found in com parable 4-methoxydiisophorones [4] , The non conjugated 3-spiro-oxirane 5 a would exhibit a weak absorption maximum near 210 nm [11] , The 13C N M R data confirm the conclusion: spiraneform ation at C-3 leaving the 4-oxo-group intact would imply the allocation of the new low-field singlet (J, 191.9 ppm) to C-4 and consequent de shielding of this carbon atom (from 180.9 ppm) in compatible with the expected increase in its elec tron density.
Possible alternative modes of diazomethane-ketone interactions [2] leading, in the present case, to structures 5 b -5 d are excluded as follows: The dioxomethylene structure 5 b is inadmissible by the retention of the ,3C N M R keto-signal. As a homoannular cyclohexadiene incorporation two poten tial methoxy-groups, it would produce its UV ab sorption maximum at a significantly higher wave length (285 nm) than is observed. The methylated enol-structure 5 c is excluded by the absence o f a doublet (of C-8) in the 13C N M R spectrum, and by the deviation of its / max position from the calculat ed value (338 nm) [10] . The ring-expanded struc ture 5d is invalidated by the lack of two low-field keto-singlets in the spectrum.
The action of diazomethane on 2,7-epoxy-3,4-dioxodiisophoran-l-ol (6) [12] similarly gave the spiro-oxirane 7. Its IR spectrum includes intense peaks of the hydroxy-(3310 cm "') and ring-ketofunctions (1720 cm -1); the displacement of the lat ter from the usual (ca. 1670 cm "1) to higher wavenumbers, also observed in diisophorone-2,7-epox ide (E) (1690 cm -1 [13] ) appears here to be further enhanced by the adjacent 4-oxirane group. The strong peak at 870 cm " 1 is attributed to the epoxide-moiety [13] : It also appears in the spectra of the analogues of 7 (5, 9 -1 2 ), but due to the presence of several bands in this range, its assignment re mains tentative. The 13C N M R spectrum of 7 (Ta ble I) may be correlated with the proposed struc ture by arguments analogous to the ones adduced in respect of 5 (see above). The 4-spiro-oxirane ring may assume two spa tial positions relative to the approxim ate plane of rings A/B of the diisophorane structure, its oxygen atom appearing on the same or opposite side of the fixed ring C (see 5). The preferred configuration remains uncertain, because of the potential flexi bility of ring A, and the inadequacy of spectral background data on which com parisons might be based.
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In accord with the established mechanism of ketone-diazomethane interactions [2, 14] , the prod uction of the spiro-oxiranes (5, 7) is explicable by an initial nucleophilic attack of the reagent at C-4 (of 1 , 6), with form ation of the interm ediate diazonium betain la; loss of nitrogen produces the ionic species lb, which is stabilized, in the present example, as the spiro-oxirane (5,7). The contrasting inertness of the isolated ketofunction towards diazomethane (e.g. in A [3] ), and the ready 4-oxirane formation at the 3,4-diketomoiety of 1 , 6 is attributed to a m utual activating influence of the keto-groups, in accord with the dem onstrated prom otion of epoxidation at ketonic centres by adjacent electron-attracting groups [2, 15] . In the present structures, the electron-withdrawing effect of the 3-oxo-group predominates, reducing the electron density at C-4 relative to C-3, leading to 4-oxirane formation. As in other a-diketones (e.g. diacetyl [16] , benzil [16, 17] , phenanthraquinone [18] , isatin [19] ), reaction is re stricted to one carbonyl-function. The observa tions are in further agreement with the exclusive form ation of 4-monohydrazones from 3,4-diketodiisophorenes (B [20] , C, D [4, 6] ) by a comparable nucleophilic mechanism.
Reactions o f the spiro-oxirane 7
The perchloric acid-catalyzed acetylation of 7 gave, with simultaneous fission of the spiro-oxirane moiety, the triacetyl derivative 8. The possible alternative 2,7-epoxide ring-opening is discounted, because it does not occur in the acetylation of the model epoxide E under identical conditions [13] . The reaction at C-4 is thought to involve the initial ring-fission of the protonated reactant 7 a, fol lowed by attack by acetate ion on the resulting cat ion (7 b -* ■ 7 c). A product (Ph CHOAc C H 2O H) com parable with the precursor 7 c is known [21] to arise from phenyloxirane in strongly acid media by way of a cationic intermediate. 
AcO 0 H O 7c
A com parison o f the parent epoxide E and its 4-spiro-oxirane 7 shows that the 4-substituent im pairs the reactivity of the adjacent 3-keto-function. It fails to react with standard ketonic reagents, or to participate in the reductive W harton reaction using hydrazine [13] . It is, however, accessible to reduction by sodium borohydride or lithium alu minium hydride; this afforded high yields o f the secondary alcohol 9, reconvertible into the starting m aterial 7 by mild oxidation.
Hydrazine converted the secondary alcohol 9 into the olefinic triol 10 by a net isomerization, which is thought to occur by a reversible hydration process at the 2,7-epoxide group, involving the form ation o f the intermediate 9 a, and dehydration at its 7-hydroxy-group. Possible alternative iso meric structures ( as follows: The keto-diol structure 10 a, arising by dehydration at the 2-hydroxy-group (of 9 a) is in validated by the absence of carbonyl absorption in the IR range. This also excludes the preferential at tack by hydrazine at the oxirane ring, since this would result in the ketonic product 10c. The 2,7-olefinic triol 10 b, formed by dehydration across C2-C7 (after migration of the 7-hydroxy-group to C-6 or C-8 [22] ) would yield on oxidation a con jugated m ono-or di-ketone (e.g. 12a) expected to absorb strongly in the near UV range (at ca. 245 or 270 nm, respectively [11] ). Since the product of the oxidation of 10 is in fact a monoketone transpar ent in this spectral region, structure 12 a and hence 10 b are inadmissible. Structures 10 and 12, based largely on the foregoing exclusion arguments, are supported by the mass-spectral results. The reac tion 9 -» 10 thus exemplifies epoxide fission by a net isomerization under reducing conditions; pre cedents include the conversions G -> H by diiso butyl aluminium hydride [23] and J -> K by nas cent aluminium hydride [13] .
Mass spectra
The fragm entation under electron impact of the diisophorane-4-spiro-2'-(oxiranes) is consistent with their proposed structures. Their mass spectra are interpreted in accord with the guidelines first established by the studies of M orizur [24] and ex tended to a variety o f com pounds of this and relat ed ring systems [3] [4] [5] .
In the present series, the signals of the molecular ion, though generally weak, confirm the molecular weights o f the compounds, as do the stronger peaks corresponding to the fragments M-71. A sig nificant characteristic is the appearance of peaks arising from the elimination o f a fragment of m/e 30, conform able to the removal of the oxirane moiety.
The fragm entation patterns are exemplified by that o f the epoxy-diol 9, which incorporates all the salient general features and is given in some detail (Scheme 5) to serve as model for the interpretation of the mass spectra o f its analogues (for numerical data, see Experimental). The fission consists essen tially o f two main branches. In route a (Scheme 5), the initial removal of ring C as the neopentyl radi cal (producing 9 b) is followed by the net loss of the 4-oxirane moiety, with formation of the interme diate fragment 9f, as signalized by the prominent peak at m/e 205. The later stages o f the fission are identical with those o f the parent diisophorone, the mass spectrum o f which [24] , now re determined (see Experimental), displays the same group of peaks at and below m/e 205 as does 9. The signals are allocated to the stepwise net loss of 2,2-dim ethylcyclopropanone (9f-*9g^9h ->9i; m/e 163, 149, 121); rearrangem ent of the ionic fragment 9j yields the terminal tropylium ions 9 k and thence 91. In the other branch b of the fission, the initially preserved tricyclic core is stripped suc cessively o f its substituents: the most intense peak of this sequence {m/e 259) is assigned to 9n, from Scheme 5. which a precursor (9p, m/e 203) of condensed ter minal tropylium species may be derived. The mass spectrum of 2,7-epoxydiisophorone E [13] , which functions as a central interm ediate 9d in the fragm entation process, provided further corroboration for the proposed Scheme 5, in that it includes its salient peaks (m/e 292 and below). This spectrum is distinguished by the exceptionally intense base peak m/e 259, which in contrast is in significant in diisophorone itself. The 2,7-epoxygroup of 9d thus appears to stabilize the intact tri cyclic carbon skeleton, an effect that persists to a varying degree in the other 2,7-epoxides. The 1-acetate F displays this base peak even more prominently, with a corresponding suppression of the other signals, indicating the virtual absence of fragmentation a.
The fragmentation of the other spiro-oxiranes is explicable by sequences analogous to Scheme 5. These are not given in detail, being adequately spe cified by the numerical data, and by the following brief comments. The fission of the carboxylic ester 5 is dom inated by the loss of the substituents, in cluding that of the m ethoxycarbonyl-group in dis tinct stages (Me, MeO, MeOCO): thus, an intense signal (m/e 241) corresponds to the intact tricyclic core that has lost all its peripheral attachments. Two intense signals (m/e 215, 201) indicate the re moval of ring C as gem-dimethylcyclopropane (m/e 70) rather than the neopentyl radical (m /e l\), as appears to occur preferentially [6] when the 1-bridgehead substituent is ejected in the fission. In contrast, the 1-hydroxy-compounds are cleaved by the usual loss of the latter fragment. In the triol 10, elimination of the elements o f water, evidently involving the 2-hydroxy-group, contrib utes to the overall pattern.
Conclusion
Although the existing knowledge concerning ketone-diazoalkane interactions is extensive [2] , the present conversion of carbocyclic a,/?-diketones (as distinct from linear and aromatic ones [16] [17] [18] [19] ) into spiro-oxiranes appears to be without prece dent. In this context the behaviour of the simplest parent systems would be of interest in establishing the preferred general course of the reaction in this structural environment. Such models include cyclohexa-l,2-dione and its homologues in which tautom erization of the diketo-system is prohibited by adjacent substitution (as in 3, 4, 6 ), as well as suitable bicyclo[3.3. l]nonadiones. A number of re levant diketones are available in the steroid series [Hi-
Experimental

General
The equipm ent used in the determ ination of the spectral data has been specified previously [6, 25] . Unassigned peaks of IR spectra are generally not listed except for the prototypes 5,7, and 10.
M.p.s are uncorrected. Light petroleum had b.p. 6 0 -8 0 °C unless otherwise stated.
-Methoxycarbonyl-3-oxodiisophor-2 ( 7) -ene-4-spiro-2'-(oxirane) or l-methoxycarbonyl-3-oxo-5,5,9,11,J-pentamethyltricyclo[ 7.3.1,02/ jtridec-2 (7 )-ene-4-spiro-2'-( oxirane) (5) [7]
l-Carboxy-3,4-dioxodiisophor-2(7)-ene (3 [4] ) (1.59 g, 5 mmol), suspended and partly dissolved in ether (250 ml) was treated at room tem perature in portions with ethereal diazomethane (from toluene-/?-sulphonylmethylnitrosamide, " Diazald" , 10.7 g, 50 mmol [26, 27 a] ). The remaining sus pended reactant dissolved with slight efferves cence. The yellow liquid was set aside at room tem perature for 3 h, the excess of the diazomethane destroyed with 3 M acetic acid, and the washed, dried (N a2S 0 4) neutral ethereal solution evaporat ed under reduced pressure. The residual yellow oil solidified rapidly and gave on crystallization from light petroleum (300 ml in successive portions) faintly yellow prisms (1. The use of the corresponding methyl ester 4 (1.66 g, 5 mmol) in the foregoing procedure (no visible effervescence; the suspension needed heat ing to boiling twice to effect complete solution) gave the same product 5, m .p. 140-142 C in 78% yield.
,7-Epoxy-l-hydroxy-3-oxodiisophorane-4-spiro-2'-(oxirane) or 2,7-epoxy-1 -hydroxy-3-oxo-5,5,9,11,1 l-pentam ethyltricyclo[7.3.1,07]tridecane-4-spiro-2'-( oxirane) (7)
To a solution of 2,7-epoxy-3,4-dioxodiisophoranl-ol (6 [12] ) (3.06 g, 10 mmol) in ether (40 ml), di azom ethane (from "D iazald", 50 mmol, in ca. 100 ml ether) was slowly added (slight efferves cence), when the deep-yellow colour persisted. The liquid was set aside at room tem perature for 2 h. and the crude product isolated by the standard procedure (see above). Crystallization of the solid from light petroleum gave colourless needles (1 .4 - Diisophor-2(7)-en-1 -ol-3-one ("diisophorone") did not react with diazomethane under the fore going conditions. The product 7 was not converted into a 2,4-dinitrophenylhydrazone under standard conditions. It failed to yield a quinoxaline derivative, being re covered (65% ) after its solution in ethanol was boiled with o-phenylene diamine (1.5 mole) for 4 h. It was recovered (60%) after being boiled in acetic acid with zinc dust (4 g per g, added in por tions) for 6 h.
Acetylation o f l
A solution of 7 (0.32 g, 1 mmol) in glacial acetic acid (6 ml) -acetic anhydride (1 ml) and 60% perchloric acid (0.5 ml) was set aside at room tem perature for 1.5 h. The yellow liquid was stirred into water; the white precipitate produced, on crystallization from ethanol, opaque prisms (0.28 g, 60%) of the 1,4-diacetoxy-4-acetoxymethylene derivative (8) I ,2-Dihydroxy-3-oxodiisophor-7-ene-4-spiro-2'-( oxirane) (12 ) A stirred solution of the 1,2,3-triol 10 (0.64 g, 2 mmol) in acetone (18 ml) was treated dropwise at room tem perature with K iliani's 10% chromic acid [27 b] (6.6 ml, 6.6 mmol) and stirring contin ued for 30 min. The reddish-brown liquid was ad ded to ice-water and the resulting pale 
